Abstract HLA class II-restricted antigen (Ag) processing and presentation are important for the activation of CD4+ T cells, which are the central orchestrating cells of immune responses. The majority of melanoma cells either expresses, or can be induced to express, HLA class II proteins. Thus, they are prime targets for immune mediated elimination by class II-restricted CD4+ T cells. We have previously shown that human melanoma cells lack an important enzyme, gamma interferon-inducible lysosomal thiol-reductase (GILT), capable of perturbing immune recognition of these tumors. Here, we show that GILT expression in human melanoma cells enhances Ag processing and presentation via HLA class II molecules. We also show that GILT expression inXuences the generation of active forms of cysteinyl proteases, cathepsins B, L and S, as well as an aspartyl protease cathepsin D in melanoma cells. Mechanistic studies revealed that GILT does not regulate acidic cathepsins at the transcriptional level; rather it colocalizes with the cathepsins and inXuences HLA class II Ag processing. GILT expression in melanoma cells also elevated HLA-DM molecules, which favor epitope loading onto class II in the endolysosomal compartments, enhancing CD4+ T cell recognition. These data suggest that GILT-expressing melanoma cells could prove to be very promising for direct antigen presentation and CD4+ T cell recognition, and may have direct implications for the design of cancer vaccines.
Introduction
Melanoma is the rapidly growing cancer among US Caucasians [1] [2] [3] . While early, localized tumors are often treatable through wide excision, metastatic malignant tumors are largely refractory to cytotoxic chemotherapeutics and almost universally fatal [3] [4] [5] [6] . Treatment through surgery, radiation, chemotherapy and gene therapy, though rapidly improving, are often ineVective [4] [5] [6] [7] [8] . The most promising option available to combat melanoma is immunotherapy, due to its potential speciWcity and lack of side eVects [9] [10] [11] . One of the most promising outlets for this immunotherapy involves antigen (Ag) processing and direct presentation by tumor cells, inducing antitumor immune responses. The majority of melanoma cells express HLA classes I and II molecules necessary for tumor Ag presentation to T cells [12, 13] . However, the development of strong memory responses to tumor Ags also depends on processing and cross-presentation of shed tumor Ags via bystander antigen presenting cells (APCs) [14] [15] [16] . While dendritic cells, macrophages, and B cells express class II molecules and possess the machinery to optimally activate CD4+ T cells [17, 18] , melanoma cells lack a thiol reductase, GILT, that disrupts antigen processing and tumor cell presentation of antigenic peptides [19] . Whether GILT expression in melanoma alters antigen processing, epitope generation and CD4+ T cell recognition via class II molecules remains unclear.
Crucial to the stimulation of immune response in humans is the ability to present epitopes on the surface of the cells that are recognizable by CD4+ T cells [19] [20] [21] . Epitopes are derived from exogenous and endogenous antigens (Ags), which are internalized by APCs as well as tumor cells and then are processed by intercellular proteases, speciWcally the cathepsins [22] [23] [24] [25] . The cysteinyl proteases, cathepsins (Cat) B, S, and L, are crucial for most of the degradations leading to functional epitopes. Cat B has also been shown to upregulate the expression of class II proteins, thereby contributing Ag presentation via the HLA class II pathway. Cat D, an aspartyl protease, performs more speciWc degradations of Ags, splicing them at very speciWc points to yield short, functional peptides [25] . Once processed, the epitopes become complexed with the HLA class II molecules in the acidic endosomal/lysosomal compartments and appear on the cell surface [26] . HLA class II molecules are initially complexed with a glycoprotein known as the invariant chain (Ii), a molecule necessary for correct folding and function of the molecule as well as serving as a competitive inhibitor of the class II binding site [27, 28] . Epitopes cannot be loaded onto the class II molecules until proper cleavage of the Ii by one of the cysteinyl cathepsins, Cat S. After cleavage of the Ii, the class II associated Ii peptide (CLIP) remains in the class II binding groove, further preventing improper loading of peptides. A non-classical class II protein, HLA-DM, mediates the removal of CLIP and helps the loading of appropriate peptides into the class II binding groove [28, 29] .
The processing of Ags by APCs is the main factor inXuencing autoimmunity, successful organ transplantation, and cancer memory responses [30] [31] [32] . In tumor cells, many of the enzymatic processes involved in Ag processing and presentation are altered. Many cancerous cells do not express measurable class II proteins, thus preventing the body from recognizing the tumors via the class II pathway, and allowing the cells to continue to proliferate and metastasize in some cases. Therefore, insights into the pathways, which govern class II Ag processing and presentation by melanoma may provide a very promising outlet for the treatment of cancer. One speciWc area within the realm of Ag processing that holds a great deal of promise is the role of the acidic proteases, such as cathepsins, and the chaperone molecule HLA-DM. The expression of these molecules diVers in tumor cells, demonstrating that they play a role in the ability of tumors to evade the immune system. We have previously shown that GILT can process cysteinylated peptides by reducing disulWdes, making the functional form of peptides readily accessible to class II proteins. In this study, we show that GILT expression in melanoma enhances class II Ag processing, upregulates the expression of HLA-DM molecules, and alters acidic proteases such as the cathepsins. This in conjunction with GILTs' ability to break disulWde bonds in Ags may make GILT an excellent candidate for facilitating the direct presentation of class II-complexes by tumor cells for eVective antitumor immune response.
Materials and methods

Cell lines
The human melanoma cell line 1359-mel which constitutively expresses HLA-DR4 (DRB1*0401) was cultured in complete RPMI containing 10% fetal bovine serum (FBS) (HyClone), 50 U/ml penicillin, 50 g/ml streptomycin, and enriched with L-glutamate (Mediatech Inc., Herndon, VA, USA) [41, 42] . Human melanoma cells, J3 transfected with DR4 (J3.DR4), were cultured in complete IMDM medium containing 10% bovine growth serum (BGS) (HyClone), 50 U/ml penicillin, 50 g/ml streptomycin [19] . Cells were grown in IMDM for 24 h in the absence or presence of actinomycin D (5 g/ml, Wnal concentration) (Sigma Chemicals).
T cell hybridomas line 2.18a, 1.21, 17.9 and 4027/99 speciWc for [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] [198] [199] [200] [201] [202] [203] , [145] [146] [147] [148] [149] [150] [151] [152] [153] [154] [155] [156] [157] [158] [159] , HSA 64-76 and CII 261-273, respectively, were cultured in complete RPMI 1640 with 10% FBS, 50 U/ml penicillin, 50 g/ml streptomycin, and supplemented with L-glutamate and 50 M -mercaptoethanol ( -ME) [19, 34] . The IL-2 dependent cell line, HT-2 was cultured in RPMI 1640 with 10% FBS, 50 U/ml penicillin, 50 g/ml streptomycin, 50 M -ME, and 20% Con A supernantant (T-STIM, Collaborative Biomedical Res., Bedford, MA) as a supplement [19, 34] .
Antigens and peptides
Human IgG kappa (Ig ), human serum albumin (HSA) and type II collagen (CII) were purchased from Sigma. The human IgG immunodominant ( I) peptide [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] [198] [199] [200] [201] [202] [203] (sequence KHKVYACEVTHQGLSS), subdominant ( II) peptide 145-159 (sequence KVQWKVDNALQSGNS), HSA 64-76 peptide (sequence VKLVNEVTEFAKTK) and CII 261-273 (sequence AGFKGEQGPKGEP) were produced using Fmoc technology and an Applied Biosystems Synthesizer [34, 35] . Analysis of the peptide was performed using reverse phase HPLC puriWcation and mass spectrometry, showing a peptide purity of >99%.
Transfection assays
Human melanoma J3 cells were transfected with HLA-DR4 (DRB1*0401) using retroviral vectors with linked drug selection markers for hygromycin and histidinol resistance [19] . To conWrm DR4 surface expression, Xow cytometric analysis with the speciWc monoclonal antibody, 359-F10, was used [36] . The J3.DR4 line is further transfected with GILT cDNA to generate J3.DR4.GILT [19, 33] . The 1359-mel cells, which innately express HLA-DR4 were also transfected with GILT as described [19, 33] . The expression of GILT was conWrmed by western blotting [19] . [19, 34] . T cell production of IL-2 was monitored by measuring 3 H-thymidine (1 Ci/well) incorporation using HT-2 cells [19, 35] . All assays were repeated at least three times with the standard error for triplicate samples within a single experiment reported. Data were corrected for isotope counting eYciency and expressed as mean ccpm § SEM.
Flow cytometric analysis J3.DR4, J3.DR4.GILT, 1359-mel, 1359-mel.GILT and a Bcell line Frev were stained with mAbs directed against DR4 (359-F10) followed by a secondary antibody labeled with FITC as described [36] . Samples were analyzed on a FACScan using CellQuest software (BD Bioscience, Mountain View, CA). Background Xuorescence was evaluated using an irrelevant isotype-matched mAb (IN-1) as described previously [36] .
Western blot analysis
Total cell lysates obtained from melanoma cells J3·DR4, J3·GILT·DR4, 1359, 1359·GILT, and a B-cell line Frev were subjected to SDS-PAGE (10%) and analyzed by western blotting for cathepsins B, D, S and L (Santa Cruz Biotechnology, Santa Cruz, CA.), HLA-DR (L243), GILT (JSB-GILT), and HLA-DM (JSB-DM) as described [19, 33, 37] .
Live confocal microscopic analysis Melanoma cells 1359-mel.GILT were grown in 35-mm dishes, washed twice with PBS and stained with rabbit anti-cathepsin B and D, and costained with goat anti-GILT, followed by rhodamine-conjugated anti-rabbit IgG and Xuorescein-conjugated anti-goat IgG antibodies. All antibodies were purchased from Santa Cruz Biotechnology. Samples were analyzed by a laser scanning confocal microscopy with a Leica TCS SP2 AOBS, 63x water immersion objective. Live images were acquired using excitation lasers 488 and 543. Overlay images were assembled, zoomed, and cropped using Leica software.
Reverse transcription-polymerase chain reaction analysis Total RNA was isolated from melanoma cells, using RNAzol reagent (Biotex Labs, TX) according to the manufacturer's protocol. Reverse transcription reaction was performed using poly-dT primer and Moloney murine leukemia virus reverse transcriptase (Applied Biosystem) in 25 l reaction volume containing total RNA (2 g), 1 £ PCR buVer and 2 mM MgCl 2 , at 42°C for 15 min followed by 95°C for 5 min. PCR was carried out in a programmed thermal cycler (Applied Bio system). The primer sequences used to amplify glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA were 5Ј-CCTACCCCC AATGTATCCGTTGTG-3Ј (sense) and 5Ј-GGAGGAATG GGAGTTGCTGTTGAA-3Ј (anti-sense) and for CatB mRNA were 5Ј-TCGGATGAGCTGGTCAACTATG-3Ј (sense) and 5Ј-TCCAAGCTTCAGCAGGATAG-3Ј (antisense); Cat D mRNA were 5Ј-TTCAGGGCGAGTACATG ATCC-3Ј (sense) and 5Ј-CCCTGTTGTTGTCACGGTCA A-3Ј (anti-sense); Cat L mRNA were 5Ј-GACAGGGACT GGAAGAGAG-3Ј (sense) and 5Ј-GTTTCCCTTCCCTGT ATTC-3Ј(anti-sense); Cat S mRNA were 5Ј-GGGTACCT-CATGTGACAAG-3Ј (sense) and 5Ј-TCACTTCTTCACT GGTCATG-3Ј (anti-sense); HLA-DM mRNA were 5Ј-AT CCAGCAAATAGGGCCAAAACTT-3Ј (sense) and 5Ј-GA TGAGAACAATGCCCACGATGAT-3Ј (anti-sense) and HLA-DM mRNA were 5Ј-AATAGCTTGGCGAATGT CCTCTCA-3Ј (sense) and 5Ј-CATTGGGCTGGGCAGTC TTGTG-3Ј (anti-sense). Thermal cycling parameters were 94°C for 3 min, followed by 40 cycles of ampliWcations at 94°C for 30 s, 60°C for 1 min, 72°C for 1 min, and 72°C for 5 min as the Wnal elongation step as follows: 30 cycles of 1 min at 92°C. PCR products were visualized following electrophoresis in 1.5% agarose gel with ethidium bromide staining.
mRNA expression levels were also determined by realtime RT-PCR as described [38] . The quantitative real-time PCR was performed using IQ TM SYBR Green Supermix in an iCycler (iCycler iQ Single-color Real Time PCR detection system; Bio-Rad, Hercules, CA). Relative levels of DM/cathepsins mRNA expression were normalized in all the samples analyzed with respect to the levels of GAPDH ampliWcation.
Statistical analyses
Data from each experimental group were subjected to statistical analysis. DiVerences between experimental groups were analyzed for statistical signiWcance using Student's t-test. Values of P < 0.05 (*) were considered signiWcant.
Results
GILT expression in human melanoma enhances HLA-DR4-restricted Ag processing and epitope presentation Recent evidence suggests that presentation of antigenic peptides by HLA class II molecules to CD4+ T cells is critical to the generation of anti-tumor immunity [39] [40] [41] . CD4+ T cells recognize their speciWc Ag in the context of class II molecules. In contrast to HLA class I, class II molecules have a more restricted distribution pattern, and are predominantly expressed in professional APCs. Tumors such as melanoma, also express class II molecules, and could be potential targets for CD4+ T cells [39] [40] [41] [42] . We have previously shown that melanoma cells lack GILT, and are unable to optimally process disulWde or cysteine containing Ags/peptides to stimulate CD4+ T cells [19, 43] . Here, we have investigated whether GILT expression in melanoma enhances the processing and generation of epitopes from Ags regardless of disulWdes or cysteines in Ags/ epitopes. Using a number of model Ags such as human IgG, human serum albumin (HSA), and type II collagen (CII), we found that GILT inXuences Ag processing and CD4+ T cell recognition (Fig. 1a) . Data showed that GILT expression in melanoma cells signiWcantly enhanced [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] [198] [199] [200] [201] [202] [203] , [145] [146] [147] [148] [149] [150] [151] [152] [153] [154] [155] [156] [157] [158] [159] , HSA 64-76 and CII 261-273 epitope presentation when the cells were incubated with 10-20 M of Ag (P < 0.05). While GILT may inXuence cysteine containing [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] [198] [199] [200] [201] [202] [203] epitope presentation because of its reductase activity, 145-159 , HSA 64-76 and CII 261-273 epitopes do not contain any cysteine residues. Thus, GILT expression may modulate Ag processing and epitope generation in tumor cells. In parallel experiments, we performed western blot analysis which conWrmed that J3.DR4 and 1359-mel cells lacked GILT and that those transfected with GILT cDNA (J3.DR4.GILT and 1359-mel.GILT) expressed high levels of GILT (Fig. 1b) . Enhanced Ag processing and presentation was also observed in another melanoma cell line (Sk-mel-31) when transfected with GILT (19, data not shown). Taken together, these data suggest that GILT plays an important role in the class II pathway enhancing Ag processing and presentation.
GILT expression minimally alters HLA class II protein levels in human melanoma cells
To investigate whether GILT expression in melanoma cells altered HLA protein expression and enhanced epitope presentation, we Wrst measured steady-state class II protein expression in cells plus or minus GILT by western blot analysis. Data showed that GILT expression did not signiWcantly alter class II protein levels in melanoma cells 1359-mel, 1359-mel.GILT, J3.DR4 and J3.DR4.GILT (Fig. 2a) . We then measured cell surface class II protein expression by Xow cytometric analysis and expressed as percentages (%) and mean Xuorescence intensities (MFI). The B-cell line Frev, which constitutively expresses HLA-DR4 was used as a control (Fig. 2b) . Data showed that the cell surface DR4 expression on 1359-mel cells was not signiWcantly altered upon GILT expression [1359 = 87.2% (MFI:72.6) versus 1359.GILT = 84.6% (MFI:71.1)] (Fig. 2c) (Fig. 2d) . These data suggest that GILT expression in melanoma cells only minimally aVect HLA class II protein expression on the cell surface.
GILT expression alters acidic cysteine proteases in human melanoma cells
Because class II protein expression in human melanoma cells remained unchanged, we tested whether GILT expression altered intracellular acidic proteases that process Ags and generate epitopes for class II-mediated presentation. We examined cysteine proteases, cathepsins B, L and S. Cat B, active form 25 to 31 kDa, is crucial to the processing of Ags and has also been shown to inXuence class II Ag presentation [44, 45] . Cat S, active form (25-31 kDa), is crucial to one of the most important steps along the class II pathway, degradation of the Ii chain [44] [45] [46] . Without the removal of the Ii from the binding site on class II molecules, no peptides can be loaded onto the molecule for transport to the cell surface and subsequent T cell recognition. Cat L, active form (25-35 kDa), also participates in the cleavage of the Ii. It is believed that Cat S and Cat L perform the same function but in diVerent types of cells [44] [45] [46] . Cat S in bone marrow-derived cells and Cat L in medullary thymic epithelial cells. However, it is also possible that each has a speciWc role in a speciWc stage of Ii deg- (Fig. 3a) . GILT also enhanced [(J3 = 0.76 vs. J3.GILT = 0.97; 1359 = 0.87 vs. 1359.GILT = 1.2 (P < 0.05)] the expression of the active forms of the cysteinyl cathepsins, and S (26 kDa) (Fig. 3a, second (Fig. 3a, third row) . Up-regulation of Cat B and S was also observed in melanoma cells Sk-mel-31 when transfected with GILT (19, data not shown). These data suggest that the presence of GILT results in increased levels of the catalytically active form of the cysteinyl cathepsins within melanoma cells that might enhance Ag processing and epitope presentation via class II molecules. RT-PCR analysis showed that Cat B, S and L mRNA levels remained unchanged in melanoma § GILT cells (Fig. 3b) . Quantitative PCR analyses conWrmed that cathepsins mRNA levels were not signiWcantly altered in cells § GILT (supplementary Fig. 1) , suggesting that GILT expression may not inXuence transcriptional regulation of cysteinyl cathepsins. Treatment of 1359.GILT cells with the transcriptional inhibitor actinomycin D (5 g/ml for 24 h period) did not alter Cat B and Cat S protein levels (data not shown), further suggesting that GILT did not aVect transcriptional regulation of cathepsins, rather GILT interacted with the proteins and peptide processing.
GILT expression alters acidic aspartyl proteases in human melanoma cells
Cat D, active form (25-30 kDa), is another intracellular acidic aspartyl protease crucial to Ag processing [44, 47] . Once the Ag has been uptaken by APC, Cat D processes the Ag into usable peptides through selective cleavage. Without Cat D, the functional epitopes necessary for T cell stimulation would remain buried within the complex structure of the large Ag. Cat D, along with other intracellular proteases, cleaves Ags into small peptide fragments for loading onto the class II molecules. Only appropriately sized , and those transfected with GILT cDNA 1359-mel.GILT and J3.DR4.GILT, were analyzed by western blotting using GILT-speciWc antibody (JSB-GILT). The wild-type B-cell line Frev, which constitutively expresses GILT, was used as a control. The blot was reprobed with -actin to conWrm equal loading of proteins from the lysates. Data are representative of at least three separate experiments peptides can be loaded onto the HLA class II binding groove. Here, data showed that an increased expression of the active form of aspartyl protease Cat D (25 kDa) is generated in GILT-expressing melanoma cells (Fig. 4a) . 1359-mel.GILT cells expressed high levels of active Cat D (30 kDa) compared to those found in 1359-mel cells [1359 = 1.18 versus 1359.GILT = 1.6, (P < 0.05)]. J3.DR4.GILT cells also expressed slightly higher levels of active Cat D protein [J3 = 1.10 vs. J3.GILT = 1.14 (P < 0.1)], but it was not statistically signiWcant. However, data showed another active form of Cat D (25 kDa) in both J3.DR4 and 1359-mel cells expressing GILT (Fig. 4a,  arrow) . Elevation of active forms of cathepsins was also detected in Sk-mel-31 cells (data not shown), suggesting that GILT enhances the processing of Cat D. These data also suggest that the generation of active forms of Cat D (25 and 30 kDa) in conjunction with the ability of GILT to break the disulWde bonds holding Ags together may lead to more eYcient processing of Ags. We also performed RT-PCR and quantitative PCR analysis of Cat D mRNA. Data showed that the Cat D mRNA levels in melanoma cells § GILT remained unchanged (Fig. 4b, supplementary  Fig. 1 GILT expression modulates the peptide editor HLA-DM in human melanoma cells Sustained anti-tumor immunity is dependent on the activation of CD4+ T cells, which recognize class II-restricted tumor peptides. Ag processing and presentation by the class II pathway is dependent on the key immune components such as the chaperon molecule HLA-DM, which catalyzes the removal of the CLIP fragment from the binding groove of class II molecules [29] . While DM-dependent or independent peptide presentation by class II proteins has been documented, DM expression mainly favors peptide loading, enhancing Ag presentation. Interestingly, we found that GILT expression up-regulated (J3 = 1.2 vs. J3.GILT = 1.8; 1359 = 1.91 vs. 1359.GILT = 2.06) DM molecules in melanoma cells J3.DR4.GILT and 1359-mel.GILT (Fig. 5a ). These data suggest that high levels of DM in GILT-positive cells may inXuence epitope loading and presentation by the class II pathway. GILT expression did not alter DM mRNA levels in melanoma cells in the presence or absence of GILT (Fig. 5b) . Quantitative PCR analyses also showed that DM mRNA levels were not signiWcantly altered in melanoma cells § GILT (data not shown), further suggesting that GILT expression does not regulate DM molecules at the transcriptional level. Although another non-classical HLA accessory molecule, DO, may inXuence epitope presentation by the class II pathway, we did not observe any detectable DO expression in melanoma cells § GILT (data not shown). Taken together, these data suggest that Ag processing and epitope selection are possibly modulated by GILT and DM in melanoma cells, where GILT expression may favorably regulate dominant epitope presentation enhancing CD4+ T cell recognition.
GILT colocalizes with Cat B and Cat D in human melanoma cells
There is increasing evidence that cysteinyl and aspartyl cathepsins are involved in proteolytic steps required for HLA class II-restricted antigen presentation. Thus, GILT may cooperate with cysteinyl and aspartyl cathepsins to enhance cathepsin protein processing, thereby up-regulating active forms of Cat B and Cat D, which are critically involved in antigen processing. The intracellular localization of GILT and Cat B/D in melanoma cells was examined by live confocal microscopy (Fig. 6) . Data showed that GILT was colocalized with Cat B and D (arrows) in the endolysosomal compartments of melanoma cells. This data suggests that the colocalization of GILT and cathepsins may inXuence Ag processing and epitope generation for presentation via HLA class II molecules. 
Discussion
Professional APCs such as dendritic cells, macrophages, and B cells express high levels of GILT, whereas melanoma cells express either no GILT or very low levels of the enzyme [19] . We show this to be correlated to these cells' ability to display functional class II peptide complexes on their cell surface, necessary for T cell recognition. While professional APCs are able to process Ags and stimulate T cells, malignant tumor cells often lack the proper machinery required to generate functional class II peptide complexes necessary for optimum CD4+ T cell responses [17, 19, 43] . Unraveling the machinery of the class II Ag presentation pathway in melanoma may provide promising targets for immunotherapy. In this study, we showed that GILT expression in melanoma cells enhanced class IIrestricted antigen processing and presentation. Our data also showed an increase in the expression of the active forms of both cysteinyl and aspartyl cathepsins, B, S and D, in GILT-expressing melanoma cells. GILT expression also altered HLA-DM protein expression in melanoma cells. While the cathepsins and HLA-DM protein expressions were altered by GILT, mRNA levels were not signiWcantly changed as demonstrated by PCR analysis. Confocal microscopic analysis showed that GILT colocalized with cystenyl and aspartyl cathepsins in melanoma cells, suggesting that GILT may inXuence the processing of cathepsins modulating Ag presentation. Up-regulation of active cathepsins, in conjunction with GILTs ability to break the disulWde bonds in Ags, may lead to more eYcient processing of tumor Ags and CD4+ T cell responses [48, 49] . Investigating the role of GILT in direct Ag presentation by melanoma as well as other tumors may oVer opportunities for developing new modalities of cancer immunotherapy.
Both exogenous and endogenous Ags including tumor Ags can get access to the endosomal/lysosomal compartments for processing and loading onto class II molecules. The predominant forms of cysteinyl and aspartyl proteases found in human melanoma were inactive proforms (data not shown). The elevation of active forms of Cat B and Cat D in melanoma by GILT is extremely important to the processing of IgG, HSA and CII Ags and the subsequent presentation of said Ags via class II molecules. The active forms of cathepsins B and S are enhanced by the presence of the GILT enzyme. This increase in the expression of the active forms of these molecules corresponds with an increase in the eYciency of Ag processing and presentation. This also suggests that there will be more functional epitopes available for class II loading and subsequent delivery to the cell's surface. The ultimate result is an increased CD4+ T cell response. We also used GILT siRNA to determine whether the up-regulation of cathepsins observed, could be reversed by abolishing GILT expression in melanoma cells. Unfortunately, the commercially available GILT siRNA (Santa Cruz) did not inhibit GILT expression to a signiWcant level that could be used to dissect cathepsins alteration by GILT in melanoma cells. But our studies with the melanoma cell lines plus or minus GILT conWrmed that GILT alters cathepsins, which inXuence class II antigen processing. While melanoma cells express a variety of self Ags including tyrosinase, gp-100, and Mart-1 [12] [13] [14] [15] 19] , they seldom induce eVective antitumor immune response. Enhanced Ag presentation by GILT-expressing cells could be exploited through immunotherapy, by allowing the in vitro generation of T cells speciWc against Ags expressed by melanoma.
Like the cysteinyl proteases, Cat Ds active form is enhanced by the presence of GILT with striking diVerences between the cells § GILT. Utilizing site-speciWc editing, Cat D ensures that a functional epitope is generated from the protein. We also found that GILT expression in melanoma modulated the proforms of cathepsins B, L, S and D (data not shown). Confocal microscopy showed that GILT colocalizes with cysteinyl and aspartyl cathepsins, suggesting that the interaction of GILT and cathepsins may positively regulate class II antigen processing and presentation. Professional APC such as B cells express GILT [19] and with the up-regulation of Cat B and D, cells can eYciently generate antigenic peptides from ovalbumin or hen egg lysozyme that could be functionally presented to T cells [24, 26, 44] . Besides, experiments using splenocytes and macrophages prepared from Cat D-deWcient mice showed that Cat D is dispensable for processing of a number of exogenous and endogenous antigens [17, 30, 31] . Thus the association of GILT and cathepsins may play a pivotal role in the HLA class II-restricted Ag processing and presentation. Another important component of the class II pathway, HLA-DM, surveys the class II DR complex to see if a correct epitope has arrived in the binding groove [28, 29] . Otherwise, DM replaces the incorrect peptide with a more suitable one [49, 50] . Peptides with higher binding aYnities are usually correct and vice versa. Thus, DM acts as an enzyme that accelerates the forward and reverse reaction from unstable to stable class II-peptide complexes for immune recognition. The presence of GILT enhanced the expression of DM molecules, thus increasing the eYciency of Ag presentation and CD4+ T cell recognition. As one of the main weapons of tumor cells is its novel ability to evade the body's defenses, any treatment option, which can ensure that more of the necessary defense signals reach the appropriate receptor cells represents a promising avenue for exploration.
Our results show that when GILT is inserted into malignant melanoma cells, there is an increase in Ag processing and epitope presentation in the context of class II molecules. We also show that the insertion of GILT leads to a greater population of the active forms of the cathepsins as well as the peptide editor DM. GILT may help processing of acidic cathepsins as they colocalize in the endocytic compartments thereby inXuencing Ag processing and presentation via the HLA class II pathway. This study suggests that the regulation of DM as well as acidic proteases by GILT could lead to "self-help", with cells acting as their own defense against cancer. If Ag presentation can be enhanced within tumor cells, in conjunction with the presence of more functional peptides, then, cancerous cells have a greater chance of being recognized by T cells. This strategy would utilize the body's own defense thus increasing the likelihood of prolonged immunity to reemerging tumor cells.
